Electron spin resonance (ESR) spectra of 5-doxylstearic acid (5 NS) was observed in a water-in-oil emulsion stabilized by 3-isooctadecyloxy-1,2-propanediol (GE) and in liquid crystals (LC) of GE to clarify the stabilizing mechanism of the emulsion. With increasing water content, stability increased.
Introduction
The spin probe method, one of the analytical methods based on the electron spin resonance (ESR) using the paramagnetic molecular species, nitroxyl radicals, has been used to study the molecular double-layer or the properties of a micellen. Paticularly, in case that the dynamic behavior and the orientation of a surface-active agent need to be studied, nitroxy radicals which have a modified group similar to that of the surface-active agent are used as a spin probe. As the spin probe method is highly sensitive and it is not necessary to make the test specimen transparent like in the other spectroscopic methods, the spin probe method is considered to be useful in studying an opaque emulsion having a low surface-active agent concentration.
However, there have been very few studies on the stabilization mechanisms of macroscopic emulsions, especially of the water-in-oil (W/O) emulsion to which the spin probe method was applied 2), 3).
Meanwhile, noticing the nonionic surfaceactive agent which has a hydroxyl group as the hydrophilic group, we have studied the solubility and the emulsification character- To examine the effect of added water on the behavior of 5 NS, the ESR spectrum of 16 NS in the GE/water system was also measured. The result was shown in Fig.-1 (b) . In the case of 16 NS, as the terminal section of the alkyl group of stearic acid is substituted by nitroxy radical, the compound is considered to have a reversed hexagonaltype liquid crystal structure in which spacings among the terminal sections of the hydrophobic chain are spread. Accordingly, the mobility of the nitroxyl radical is faster than that of 5 NS as is apparent from the sharp ESR signal shown in Fig.-1 (b). Since this spectrum line was not the pattern of 5 NS that shows anisotropic properties but the pattern that shows the isotropic movement, the rotating correlation time was calculated for 16 NS. The relationship between this rotating correlation time value and the content of water was shown in Fig.-3 .
In the case of 16 NS, too, it was observed that its mobility increased as a result of the addition of water, which was the same behavior as that of 5 NS mentioned above.
The relationship between the isotropic hyperfine splitting aN' of 5NS or a N of 16 NS and the content of water was shown in Fig.-4 . This parameter is a measure of the polarity of the nitroxy radical environment. will be discussed in the section below. The order parameter value (Fig.-7) of 5 NS in the GE/oil system having no water added is almost equal to the value of GE alone (Fig.-2) . This result is considered to be based on the fact that GE has a reversed micelle structure even in the oil phase because of the strong interaction of GE's hydrophilic group 9) . When a small quantity of water was added to this system and the water came to be dissolved in the reverse micelle of GE, the order parameter value of 5 NS was found to have decreased as in the twocomponent system mentioned previously.
If the content of water was further increased and the system was converted to a state in which liquid crystal was formed in the emulsion, the decrease in the order parameter value of 5 NS became smaller as in the previously mentioned liquid crystal system. In addition, as shown in Fig.-7, it is obvious that with a water content of about 0.50 (wt/wt) the order parameter value changed from its decreasing rend to a slightly increasing one. This is considered to correspond to the fact that in the previously mentioned liquid crystal system (the weight fraction of water= 0.23) the dispersion of water out of the liquid crystal occurs. When the content of water was further increased, added. Namely, the ESR spectra of 5 NS in the emulsion consisting of GE, liquid paraffin and 5 wt % inorganic salt water solution in a ratio of 1 : 1 : 4 (by weight) were measured. The order parameter values and hyperfine splitting widths obtained is shown in Table- 1. The stability of the obtained emulsion is also shown in the same table as the oil-separation rate which was determined 5 d later. From this experiment, it was found that the addition of either magnesium sulfate or sodium chloride increased the stability, the order parameter values and the hyperfine splitting widths aN' of the emulsion in comparison with the case in which no inorgnic salt were added. The increase of the order parameter shows the increase of the interaction between the hydrophilic groups. Consequently, it is seemed that the increase of polarity around the nitroxyl radical of 5NS by the increase of the hydrophilic group interaction causes the increase of the aN'.
Then, using the spin probe TMPONE -D in which the hydrogen atoms were all substituted by deuterium atoms and which was reported in a previous paperilo as being useful in studying various physical properties of liquid crystal, the effects of inorganic salts on the liquid crystal GE formed were examined.
That is, the ESR spectra of the deuterium substituted spin probe TEM-PONE-D in the liquid crystal system of GE : inorganic salt water solution (5 wt%)= 85 : 15 (by weight) were measured. The rotating correlation times obtained from the spectrum were shown in Table- 1. As is appar- ent from this table, compared with the case in which no inorganic salt was added, the addition of either magnesium sulfate or sodium chloride increases the magnitude of rotating correlation time value and strengthens the structure of the liquid crystal.
From these results, it was confirmed that the increased stability of the emulsion due to the addition of inorganic salt was caused by the increased structural strength of liquid crystal formed in the emulsion.
Conclusion
It has been demonstrated that, with the use of the ESR technique, detailed examinations of the reversed hexagonal-type liquid. crystal GE formed and the dynamic behavior of GE in an emulsion were possible. These examinations have become possible because by using the feature that the ESR could quite accurately determine small amounts of the paramagnetic molecular species called the "spin probe" , it was possible to determine in a short time the behavior of a surface-active agent even at a low concentration of the surface-active agent and also to measure non-transparent test speciments, this being unlike cases in which other spectroscopic methods were used. There have not been many cases in which the ESR spin probe method was applied for macroscopic emulsion studies. This study has proven that the method is useful in such studies.
